As the complexity of arthroscopic procedures continues to increase, assessing the success of these procedures is of utmost importance to determine appropriate treatment plans for patients. This study compares outcome scores on the International Hip Outcome Tool (IHOT-33) using an analysis of its four subscales to scores on the Modified Harris Hip Score (MHHS) in patients following hip arthroscopy. Patients who had undergone hip arthroscopy between 1 and 5 years ago were assessed using both the IHOT-33 and MHHS at their most recent follow-up visit. Total scores for each outcome measure were calculated. A composite score for each of the IHOT subscales was calculated by averaging the total points in each section. Total score on the MHHS was compared with total score on the IHOT-33 and its four subscales using separate wilcoxin signed ranks tests. In total, 44 patients met our inclusion criteria with an average follow-up of 24.8 6 18.8 months. MHHS total score was greater than IHOT-33 total score (P ¼ 0.04). Comparisons between MHHS total score and the IHOT-33 subscales revealed reductions in sport (P ¼ 0.001) and social (P ¼ 0.004), but no difference in symptoms (P ¼ 0.74) and job (P ¼ 0.84). Our findings demonstrated that scores on the MHHS are inflated when compared with scores on the IHOT-33 for patients following hip arthroscopy. Subscale analysis revealed that the reductions in IHOT-33 scores exist in the sport and recreational domain and social, emotional, lifestyle domain compared with the MHHS. Our results suggest that analysing the subscales of the IHOT-33 would provide a more thorough understanding of functional limitations in patients undergoing hip arthroscopy.
INTRODUCTION
Hip arthroscopy is an emerging minimally invasive technique used to treat a variety of hip conditions, including labral tears, chondral lesions, loose bodies, synovitis and bony morphologic alterations. Arthroscopic treatment of both intra-and extra-articular hip conditions continues to expand through advancements in both our understanding of the pathogenesis of these conditions and emerging surgical techniques. As the complexity of arthroscopic procedures continues to increase, assessing the success of these procedures is of utmost importance to determine appropriate treatment plans for patients. Patient reported outcome measures continue to be the standard with which to examine symptoms and function in patients following surgery and have been used extensively in hip arthroscopy patients.
Numerous measurement tools have been utilized to assess outcomes in patients following hip arthroscopy [1] [2] [3] [4] [5] [6] [7] . The modified version of the Harris Hip Score (MHHS) is the most commonly reported measure of outcomes for this patient population [7] , and has been evaluated in patients undergoing arthroscopic labral debridement [8] [9] [10] [11] [12] , labral repair and reconstruction [13] [14] [15] , and treatment for femoroacetabular impingement [16] [17] [18] [19] [20] . Other outcome measures, including the Hip Outcome Score (HOS) [1] , Hip Disability and Osteoarthritis Outcome Score (HOOS) [21] , and Non-arthritic Hip Score [6] have also been reported for hip arthroscopy patients, though in much lesser frequency. However, none of these tools was developed specifically for the assessment of outcomes in patients undergoing hip arthroscopy. The International Hip Outcome Tool (IHOT-33) was created to address this V C The Author 2015. Published by Oxford University Press. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com need and has been validated for use with hip arthroscopy populations [2] . A recent systematic evaluation of the psychometric properties of all outcome measures assessed in this population revealed important limitations in the MHHS, HOOS and HOS, including the presence of ceiling effects and decreased responsiveness [22] . The authors recommended using the IHOT-33 [22] ; however, they criticized its use of a single aggregate score, which limited its ability to discriminate between important functional domains.
Despite consistent reports of ceiling effects and poor psychometric properties [22, 23] , the MHHS remains the outcome measure of choice to assess patients undergoing hip arthroscopy. The intent of the IHOT-33 was to address the limitations of the MHHS and expand our understanding of the functional limitations experienced by these patients; yet the use of an aggregate score restricts its interpretability. Therefore, we examined IHOT-33 scores in patients following hip arthroscopy using an analysis of its four subscales and compared these scores to the MHHS to determine which specific facets of function are uniquely captured with the IHOT-33.
MATERIALS AND METHODS
From 2008 to 2013, all patients who had undergone unilateral arthroscopic labral debridement by the senior author and had 1-5-year follow-up MHHS and IHOT-33 data were included in the study. Data were collected as part of our institutionally approved prospective hip registry, but were analysed retrospectively. Patients were excluded if they had undergone a repeat hip preservation surgery since the index arthroscopy or had converted to a total hip replacement. Indications for surgery included anterior, trochanteric, inguinal or buttock pain with or without mechanical symptoms, along with confirmation of intraarticular pathology via MRI or arthrography. Additional indications included patients who had residual pain and symptoms, which did not respond to activity modification, nonsteroidal anti-inflammatories, physical therapy or time. We identified 53 patients who met our inclusion criteria (14 males, 39 females), with an average age of 40.6 6 13.1 years at time of surgery and an average follow-up of 24.9 6 18.7 months (range: 12-93 months) following arthroscopy. Institutional approval was obtained prior to the initiation of this study.
All patients underwent arthroscopy in the lateral decubitus position with a dedicated hip distractor set at 7-10 mm of distraction. Arthroscopies were performed as outpatient procedures. All labral tears were treated with debridement. Full thickness chondral lesions were treated with microfracture surgery, while partial-thickness lesions were minimally resected to a stable base. Loose bodies were noted and removed. The synovial lining was resected if impingement was noted. At the time of surgery, the presence and location of all labral tears were noted. In addition, the morphologic features and location of all articular cartilage lesions were identified and graded for severity using the Outerbridge classification by the senior author. Findings from each surgical procedure were recorded using audio and visual media and entered into our institutionally approved database.
Patients completed both the IHOT-33 and MHHS. The MHHS consists of 8 questions assessing pain (44 points) and function during daily activities (47 points). The total number of points is multiplied by a factor of 1.1 to provide a score out of a possible 100 points. All questions must be answered to calculate a score. The IHOT-33 consists of 33 questions, broken down into four domains-Symptoms and Functional Limitations (IHOTsymptoms-16 questions); Sports and Recreational Activities (IHOT-sport-6 questions); Job Related Concerns (IHOT-job-4 questions); and Social, Emotional and Lifestyle Concerns (IHOT-social-7 questions). If a patient is retired or not working for other reasons, they can opt out of the job-related questions. In addition, there are four questions to which a patient can check a box to indicate that the activity in question is not applicable to them, one in IHOT-sport inquiring about cutting activities, one in IHOT-job inquiring about lifting heavy objects, and two in IHOT-social inquiring about sexual activity and lifting children. However, unlike the MHHS, not answering a question on the IHOT-33 does not negate calculation of a total score. Each question is scored out of a possible 100 points, and the total score is calculated by averaging the total number of points by the total number of questions answered (0-100 points). Completed outcome scores were stored in our database.
The total score for each outcome measure was calculated (0-100 points). A composite score for each of the IHOT subscales (IHOT-symptoms, IHOT-sport, IHOTjob, IHOT-social) was then calculated by averaging the total number of points in each section by the number of questions answered in each section to get the four subscale scores (0-100 points). Data were assessed for normality using the Shapiro-Wilk test. Our data were not found to be normal distributed; therefore, nonparametric analyses were used. Total score on the MHHS was compared with total score on the IHOT using a wilcoxin signed ranks test. Total score on the MHHS was compared with the composite score of each of the four subscales of the IHOT (IHOT-symptoms, IHOT-sport, IHOT-job, IHOT-social) using separate wilcoxin signed ranks tests. All statistical analyses were performed using IBM SPSS v.21.0 (IBM Corporation, Armonk, NY). Level of significance was set a priori at P 0.05.
RESULTS
Upon further review, data for nine patients were excluded because of incomplete MHHS scores. Therefore, 44 patients were included in the final analysis (11 males, 33 females). Average age and time from surgery were similar between patients included in the analysis and the cohort of patients excluded (Table I) . Observations made at the time of surgery revealed the presence of an anterior labral tear in 100% of patients in our study, with concomitant lesions to the posterior (6 hips) and lateral (8 hips) labrum in 12 patients. Four patients had grade I wear of the femoral head, located anteriorly in three and laterally in one, while three patients had grade II wear antero-superiorly. Four additional patients had grade IV wear of the femoral head, one anterior, one superior, and two posterior. On the articular cartilage of the acetabulum, abnormalities were noted anteriorly in 59% of patients, posteriorly in 16% of patients and laterally in 9% of patients. Specifics regarding all labral and cartilage lesions for both the included and excluded patients are presented in Table I .
Outcome scores for our cohort of patients at an average of 25 months following hip arthroscopy are presented in Fig. 1 . Total score on the MHHS was >70 points, with 45% of patients rating a good to excellent outcome (scores > 80 points). Total score on the MHHS (74.1 6 19.2) was greater than total score on the IHOT-33 (66.9 6 24.3; P ¼ 0.04). Separate comparisons between total score on the MHHS and scores on the subscales of the IHOT-33 revealed significant reductions in IHOTsport (55.6 6 32.5; P ¼ 0.001) and IHOT-social (60.6 6 31.5; P ¼ 0.004), but no difference in IHOT-symptoms (72.6 6 23.2; P ¼ 0.74) and IHOT-job (73.5 6 26.6; P ¼ 0.84).
DISCUSSION
Assessing patient outcomes following hip arthroscopy is essential to determining the success of the procedure. Numerous outcome measures have been created for and implemented in patients undergoing hip preservation surgery; however, the most commonly cited outcome measure remains the MHHS, despite its high ceiling effect in this population. The IHOT-33 was created to address the limitations of the MHHS; yet it has been criticized for its use of a single aggregate score. As such, we sought to examine whether analysing the separate subscales of the IHOT-33 would better portray the functional abilities of patients undergoing hip arthroscopy. We demonstrated that assessing patients following hip arthroscopy using the total score resulted in inflated scores on the MHHS compared with the IHOT-33. Comparing scores on the four separate subscales of the IHOT-33 with the total score of the MHHS revealed discrepancies between with the domains of Sports and Recreational Activities and Social, Emotional and Lifestyle Concerns. Our results support the use of subscale analysis to garner a more comprehensive depiction of subjective pain and function in hip arthroscopy patients. Outcome scores measured using the MHHS for our series of patients are in accordance with previous studies, which reported midterm results of hip arthroscopy. Average MHHS scores were reported to range from 70 to 85 points for patients who were 1-5 years postarthroscopy [11, 12, [24] [25] [26] . Total MHHS score for our patients averaged 74 points at a mean of 2-years following surgery. Only one previous study has reported outcomes for hip arthroscopy patients using the IHOT-33 [27] . Total scores for their patients at 18 months following hip preservation surgery fell between 70 and 80 points, while our total score averaged 66 points. Therefore, while reporting midterm results of hip arthroscopy was not the primary aim of our study, based on the similarity of our findings with those of others, we are confident that the cohort of patients in whom we compared the MHHS and IHOT-33 is representative of hip arthroscopy patients as a whole.
Total MHHS score was greater than total IHOT-33 score, but did not differ from scores for two of the separate subscales of the IHOT-33-Symptoms and Functional Limitations and Job Related Concerns. The Symptoms and Functional Limitations domain of the IHOT-33 assesses similar constructs as the MHHS-pain, gait, climbing stairs, getting into/out of a car, sitting and putting on socks/shoes; therefore, one would not expect to see a difference between these two scores. The IHOT-symptoms subscale consists of 16 of the 33 total questions on the IHOT-33. Therefore, roughly 50% of the total score for the IHOT-33 comes from questions that mirror the MHHS. Only 25% of our patients answered every question on the IHOT-33, but all patients answered every question in the IHOT-symptoms domain. This increased the influence of the IHOT-symptoms subscale on the total IHOT-33 score to >50% for three-quarters of our patients. Because the IHOT-symptoms subscale covers a wider range of daily activities than the MHHS, we feel assessment of these constructs in hip arthroscopy patients is best done by using a subscale analysis of the IHOT-33. The Job-Related Concerns domain consists of four questions, with only one assessing higher level function-lifting or carrying heavy objects-and 29% of our patients opted out of answering this question because it was not part of their job. The questions on the IHOT-job subscale do not address similar constructs as the MHHS; therefore, the lack of difference in score between the two may reflect that hip arthroscopy patients do not feel their hip symptoms affect their job performance any more than they affect their daily activities.
In contrast to the IHOT-symptoms and IHOT-job subscales, total score on the MHHS was greater than scores on the IHOT-sport and IHOT-social domains. Composite scores on these two subscales ranged from 15 to 25% lower than total MHHS score. In total, 18% of patients opted out of answering the cutting activities question of the IHOT-sport domain, while 9% of patients opted out of answering the sexual activity and lifting children questions each of the IHOT-social subscale. The remaining questions inquire about symptoms during and performance of sportrelated skills as well as quality of life, which are not addressed in any question on the MHHS. We believe the reduction in scores on these two subscales accounted for the increased total score on the MHHS compared with the total score on the IHOT-33. Given the reduction in scores on these domains when compared with the MHHS, assessing the IHOT-social and IHOT-sport subscales separately will provide valuable novel information regarding potential specific impairments experienced by hip arthroscopy patients.
Our study is not without limitations. First, we chose to only assess the MHHS and IHOT-33 and did not include the other measures, which have been utilized to assess outcomes in patients following hip arthroscopy. However, given that the MHHS is the most commonly assessed outcome measure in this population, we felt it was the most appropriate measure to use for comparison to the IHOT-33. Second, given that the IHOT-33 was not published until 2012, we did not have pre-operative scores for our patients. However, our primary purpose was not to report outcomes for our patients, but to compare scores on different outcome measures collected at the same point in time. Third, our sample size was relatively small, and, thus, parametric tests were inappropriate. However, given that we did find statistically significant differences between the total MHHS score and the composite IHOT-33 score and the total MHHS score and the IHOT-sport and IHOT-social domains, our study was powered enough to detect these differences. In addition, using our effect sizes, and an alpha level of 0.05, 1270 patients would be needed to obtain 80% power for the MHHS to IHOT-symptoms comparison and 353 409 patients would be needed to obtain 80% power for the MHHS to IHOT-job comparison. Therefore, we feel confident that if a meaningful difference existed, we would have detected it.
Given the importance of patient-reported outcome data in determining the success of a procedure, selection of the measurement tool that captures the most comprehensive information about a patient is critical. The IHOT-33 has been recommended for use in patients undergoing hip arthroscopy based on the strength of its psychometric properties; yet it has been criticized for its use of a composite score. Our results support this criticism and show that the total score of the IHOT-33 may be disproportionately influenced by the Symptoms and Functional Limitations subscale, providing comparative information as the MHHS. However, subscale analysis revealed that the Sports and Recreational Activities and Social, Emotional and Lifestyle Concerns domains capture unique information regarding functional impairments and quality of life in this population. Our results suggest that analysing the subscales of the IHOT-33 would provide a more thorough understanding of functional limitations in patients undergoing hip arthroscopy.
